ABSTRACT The wine-making region of southern Quebec in Canada experiences growing conditions that are unique in northeastern North America. After an outbreak of insect pests in 1996, a study of insect groups that may include potential pests or beneÞcial species was initiated. This article reports on the weevil diversity and abundance during three consecutive years of sampling (1997Ð1999) in two vineyards. All weevils were collected using pitfall and ßight intercept traps. In total, 3,176 specimens were collected, representing 73 species in three families of Curculionoidea. The family Curculionidae was the most species rich, especially the subfamilies Ceutorhynchinae, Curculioninae, and Entiminae. Four of the species recorded are known to feed on the genus Vitis (Vitaceae) in North America: Madarellus undulatus (Say), Barypeithes pellucidus (Boheman), Otiorhynchus ovatus (L.), and Otiorhynchus sulcatus (F.). Of these, O. sulcatus is thought to represent the greatest potential threat based on adult abundance at one of the sites and the negative impact of this species in other wine-making regions in North America. Four species [Ceutorhynchus oregonensis Dietz, Pelenomus waltoni (Boheman), Rhinoncus perpendicularis (Reiche), and Sphenophorus minimus Hart] are recorded in Quebec for the Þrst time. A signiÞcant number of weevils collected during this study are adventive species associated with agroecosystems of northeastern North America.
since the 1600s; however, it is only in the past 30 yr that commercial vineyards have started to operate (Dubois and Deshaies 1997) . During this period, producers relied heavily on management strategies designed for southern Ontario in Canada and the northeastern United States (Bostanian et al. 2003) . However, Quebec vineyards occur in areas that are characterized by colder winters and cooler summers. Thus, climatic conditions differ greatly from vineyards in southern Ontario and the United States, and it has become necessary to develop pest and disease management practices tailored to these unique climatic conditions.
After an outbreak of grape ßea beetles, Altica chalybea Illiger, and Altica woodsi Isely in 1996, collaboration between producers and Agriculture and AgriFood Canada was established in an effort to characterize the diversity and abundance of phytophagous arthropods and their natural enemies in Quebec vineyards. One of the target groups selected for this study was weevils (Bostanian et al. 2003) . Weevils are one of the most diverse groups of insects in the world, and the majority of species feed on live plants (Anderson 2002) . Some of these beetles are known to cause damage to most crops grown in Canada, and the economic loss they bring about exceeds that of any other group of beetles (Campbell et al. 1989) .
A number of weevil species are known to feed on vines of the genus Vitis (Vitaceae) in North America (Table 1) . Of these, Madarellus undulatus (Say), Barypeithes pellucidus (Boheman), Otiorhynchus ovatus (L.), and Otiorhynchus sulcatus (F.) have been reported in Quebec, and Ampeloglypter ater (Riley) and Craponius inaequalis (Say) have been reported from neighboring Ontario (McNamara 1991) . The speciÞc objectives of this study are to 1) characterize, for the Þrst time, the weevil diversity in Quebec vineyards; and 2) assess the potential economic importance of weevils present in these vineyards.
Materials and Methods
Detailed information on the sampling scheme and experimental design has been published in Bostanian et al. (2003) , and a brief summary is given below. Two commercial vineyards in southwestern Quebec were selected for this study, i.e., the LÕOrpailleur (Dunham: 45Њ 07Ј N; 72Њ 51Ј W) and the Dietrich-Jooss (StAlexandre-dÕIberville: 45Њ 16Ј N; 73Њ 11Ј W) vineyards that, respectively, occupies an area of 11.3 and 4.5 ha. In each vineyard, a 0.7-ha plot was chosen for sampling the arthropod fauna. These plots were not sprayed with insecticides and acaricides during this study although fungicides were used following standard commercial practices. Sampling was carried out from June to September in 1997 and from May to September in 1998 and 1999.
All weevils were captured using three ßight intercept traps with a clear plastic pane and 24 pitfall traps at each site. Weevil scientiÞc nomenclature follows Valentine (2002) , Anderson and Kissinger (2002) , and Anderson (2002) unless otherwise indicated. Although a small number of weevils belonging to the curculionid subfamily Scolytinae is known to attack Vitis (Pfeiffer et al. 1990 ), additional types of traps (ethanol traps) are required to sample this group efÞciently. Because we did not use ethanol traps in this study, the Scolytinae is the only group of Curculionoidea not treated here. All specimens are housed at the Canadian National Collection of Insects, Arachnids and Nematodes (Ottawa, Canada). Daily precipitation as well as minimum and maximum temperatures for 1997Ð1999 were obtained from the meteorological stations of Dunham (4.9 km east of LÕOrpailleur) and LÕAcadie (13.3 km west of Dietrich-Jooss). Many methods are available for analyzing the diversity and similarity of samples (Magurran 1988, Hayek and Buzas 1997) . To assess weevil diversity, we used the Shannon index HЈ ϭ Ϫ͚ p i ln p i , where p i is the proportion of individuals found in the ith species (Magurran 1988) . The value of the Shannon index usually falls between 1.50 and 3.50 and increases when many species are present and when the individuals across these species are more evenly spread (Hayek and Buzas 1997) . The evenness of each sample was calculated by the formula E ϭ HЈ/Ln S, where S is the total number of species for the sample (Magurran 1988) . The value of E is constrained between 0 and 1.00 and increases when the species in a sample are close to being equally abundant. Both indices were Cone (1963 Cone ( , 1965 Cone ( , 1968 , Campbell et al. (1989) , Cone et al. (1990) , Flaherty et al. (1992) , Morrell (1998) used for each year and for the 3 yr combined usingnumbers of specimens and species collected at both sites. The biotic similarity between the two sites was calculated by SorensonÕs quantitative similarity index by using the formula C N ϭ 2 jN / (aN ϩ bN) , where aN is the total number of individuals in site A, bN the total number of specimens in site B, and jN the sum of the lower of the two abundances recorded for species found in both sites (Magurran 1988) . The software EstimateS version 6.0b1 (Colwell 2001 ) was used to calculate the diversity and similarity values. Dominant species were deÞned as species that included 5% or more of the total number of specimens for a particular site in a single sampling season or for all seasons combined.
Results
Weevil Diversity and Abundance. In total, 3,176 specimens were collected in the two vineyards during 1997Ð1999, representing three families (Anthribidae, Brentidae, and Curculionidae) and 73 species (Table  2) . Overall, weevils were more abundant in the LÕOrpailleur vineyard than in the Dietrich-Jooss vineyard (n ϭ 1,961 and 1,215 specimens, respectively), although species richness was nearly identical at the two sites (n ϭ 56 and 58 species, respectively). The number of specimens and species generally increased from 1997 to 1999 in both sites. Of the 73 species recorded, 41 (56%) were found in both sites, whereas 15 were only found at LÕOrpailleur and 17 only at Dietrich-Jooss vineyard (Table 2) . SorensonÕs quantitative similarity value for the two sites (all years combined) was 0.35.
Nearly all species collected belonged to the family Curculionidae. The two small Curculionoidea families Anthribidae and Brentidae were represented by two and one species, respectively. The most diverse groups of Curculionidae recorded were the subfamilies Ceutorhynchinae, Curculioninae, and Entiminae with 19, 14, and 13 species respectively. Combined, these three subfamilies accounted for 63% of the species and 77% of the specimens collected during our study.
Thirty-one weevil species (42%) were exotic species adventive in North America (Table 2) . Combined together, these non-native species represented 74% of all weevil specimens recorded during our study (83.8 and 58.6% of specimens collected at LÕOrpailleur and Dietrich-Jooss, respectively). All species of the curculionid subfamilies Entiminae, Hyperinae, Lixinae, and a signiÞcant proportion of species of the subfamily Ceutorhynchinae (47%) were adventive species. Totals of 28 and 27 introduced species were recorded at LÕOrpailleur and Dietrich-Jooss vineyards, respectively. Dominant Species. Five dominant species were recorded at the LÕOrpailleur vineyard during the sampling period: Rhinoncus bruchoides (Herbst), Listronotus delumbis (Gyllenhal), Sphenophorus minimus Hart, B. pellucidus, and O. sulcatus (Table 3 ). The number of dominant species ranged from two to four, depending on the year. B. pellucidus was by far the most Table 3 ). The number of dominant species varied between four and seven, depending on the year. The seven dominant species collected in 1998 account for 73.7% of the specimens from that sample. R. bruchoides, L. delumbis, and S. cylindricollis were dominant in each year at the Dietrich-Jooss vineyard. The most abundant species overall was L. delumbis, which represented 21.3% of the total number of specimens. Overall, R. bruchoides, T. picirostris, L. delumbis, S. parvulus, and S. cylindricollis accounted for 59.2% of the weevils collected at the Dietrich-Jooss vineyard (Table 3) .
Shannon Index and Evenness. The Shannon index (HЈ) was consistently higher at Dietrich-Jooss vineyard for all the years sampled and for all the years combined (Table 2 ). HЈ varied between 1.74 and 2.03 at LÕOrpailleur vineyard during the years sampled, and the highest diversity value was recorded for the 3 yr combined ( Table 2 ). The Shannon index varied between 2.12 and 2.67 at the Dietrich-Jooss vineyard. The highest HЈ value recorded at the Dietrich-Jooss vineyard was for the 3 yr combined. The evenness (E) values were consistently lower at the LÕOrpailleur vineyard and ranged between 0.50 and 0.63. The lowest value was recorded for the 1998 season and for the 3 yr combined ( Table 2) . The E values at the DietrichJooss vineyard ranged between 0.63 and 0.66. The lowest E value was recorded for 1999 at that site.
Host Plant Associations and Potential Economic Impact. The weevils collected in the two vineyards were assigned to three main categories based on the known associations with their host plants (Table 2) , i.e., 1) species that feed exclusively on plants occurring outside of the vineyard, 2) species that feed on plants inside the vineyard other than the vines themselves, and 3) species that are known to feed on Vitis species.
In total, 55 weevil species recorded at LÕOrpailleur and Dietrich-Jooss vineyard (75.3% of fauna) were known to be associated with host plants that do not occur within sampled plots. Examples include species belonging to genera such as Isochnus Thomson and Tachyerges Schö nherr that feed on willow, poplar, and aspen (Anderson 2002) . Other species, such as Tanysphyrus lemnae (F.), feed on aquatic plants. Weevil species associated with aquatic or semiaquatic plants were proportionally more numerous at the DietrichJooss vineyard than at the LÕOrpailleur vineyard probably because of the presence of a small brook near the sampling site (Bostanian et al. 2003) .
Fourteen weevil species collected at LÕOrpailleur and Dietrich-Jooss (19.2% of fauna) feed exclusively on weeds that were present within the vineyards. Examples include Cleonis pigra (Scopoli) on Canada thistle, Cirsium arvense (L.) Scopoli, and Glocianus punctiger (Sahlberg) on dandelion, Taraxacum officinale Weber. Although these weevils may become abundant within the vineyard, their presence is of no known economic importance.
Only four of the 73 species recorded during our study (5.5% of fauna) have been recorded to feed on the genus Vitis previously (Table 1) . Three of the four species in this category (Barypeithes pellucidus, Otiorhynchus ovatus, and O. sulcatus) were adventive generalist species belonging to the curculionid subfamily Entiminae. These weevils feed on the grape vines as well as other plants within the vineyard. Among these species, O. sulcatus has the greatest potential for causing damage to cultivated grapes (Table 1 ). The fourth weevil in this group, M. undulatus, was a native species that is known to feed on wild grapes (Vitis spp.), poison ivy (Toxicodendron spp.), and Virginia creeper (Parthenocissus spp.) (Blatchley and Leng 1916) . It has not been reported to cause damage to cultivated grapes. Species are listed in the same order as in Table 2 . The percentage of specimens for each species is given when above 5% for a given year.
New Records for Quebec. The European adventive species Pelenomus waltoni (Boheman) and Rhinoncus perpendicularis (Reiche) were only recently recorded in North America (Anderson and Korotyaev 2004) and are reported for the Þrst time in Quebec. One specimen of P. waltoni was collected in each of the two sites in 1999 (Table 2) . Three specimens of R. perpendicularis were collected during 1999, one at LÕOrpailleur and two at Dietrich-Jooss (Table 2) . C. oregonensis was previously known in Canada from the Yukon Territory and Manitoba (McNamara 1991) . Three specimens of C. oregonensis were recorded in the Quebec vineyards sampled in 1999, two at LÕOrpailleur, and one at Dietrich-Jooss vineyards (Table 2). S. minimus was previously only reported from Ontario in Canada (McNamara 1991). Ninety-Þve specimens of S. minimus were recorded during our study; all but one were collected at LÕOrpailleur vineyard (Table 2) .
Discussion
In a study of weevil diversity and abundance in raspberry crops, Levesque and Levesque (1994) sampled raspberry Þelds and adjacent habitats (woodsÐ Þeld boundary and pine woods) for three consecutive years by using a combination of pitfall and ßight intercept traps. In total, 1,592 specimens representing 65 weevil species were collected in their study. The overall weevil diversity and abundance in the two Quebec vineyards that we surveyed with a sampling regime very similar to that used by Levesque and Levesque (1994) were relatively high compared with the results reported in raspberry. In total, 3,176 specimens representing 73 weevil species were found at the LÕOrpailleur (56 species) and Dietrich-Jooss (58 species) vineyards (Table 2 ). The greater abundance and diversity of weevils in the two Quebec vineyards may be attributed to a greater diversity of habitat types in their proximity (see details in Bostanian et al. 2003) .
A signiÞcant proportion of the weevil fauna sampled (42% of species and 74% of specimens collected) are adventive species often associated with agroecosystems of northeastern North America (Levesque and Levesque 1994) .
In total, 11 weevil species were recorded as dominant in at least one site in the 3 yr sampled (Table 3) . The dominant species composition varied from site to site and only L. delumbis was dominant for all 3 yr combined at both sites. Although the host plant of L. delumbis is unknown, it can be hypothesized that this species is unlikely to be associated with Vitis based on current knowledge about other species in that genus (Anderson 2002 ). As mentioned above, B. pellucidus was the most abundant species collected during our study. It was dominant during the 3 yr of sampling at the LÕOrpailleur vineyard and for the 3 yr combined. The signiÞcant dominance of this species at the LÕOrpailleur vineyard was undoubtedly one of the reasons why the Shannon diversity and evenness values were consistently lower at the LÕOrpailleur vineyard. More species were generally found in dominant numbers at Dietrich-Jooss vineyard (Table 3) . The more evenly distributed abundance at the DietrichJooss vineyard resulted in consistently higher diversity and evenness values ( Table 2) .
The similarity of the two vineyards was very low based on SorensonÕs quantitative index of similarity (C N ϭ 0.35). This index indicates that, although the sites are fairly close (Ϸ30 km), the weevil diversity is largely determined by the different types of habitats in proximity to the sampled area. Because of the presence of weeds in the vineyards and the proximity of the sites to forested areas, small water bodies, and Þelds containing other crops (Bostanian et al. 2003) , the weevils collected were in large part associated with weeds or surrounding habitats rather than the vines themselves. Overall, 94.5% of weevil species collected during our study are not associated with the vines grown at the two sites (Table 2) .
Among the weevils that are known to attack Vitis in North America (Table 1) , four were recorded in the two vineyards. The three introduced root weevilsÑB. pellucidus, O. ovatus, and O. sulcatusÑare generalist species that have been recorded as occurring on Vitis previously but also have a large number of additional hosts (Galford 1987 , Campbell et al. 1989 . M. undulatus, the only native species known to feed on Vitis, was recorded in low numbers and was probably associated with wild grapes (Vitis riparia Michaux) present near the two vineyards sampled. This weevil has not been reported to cause damage to cultivated grapes. Similarly, O. ovatus was recorded in small numbers at both sites, and it is not expected to cause economic damage.
Because of their presence in high numbers at LÕOrpailleur (Table 3) , the potential economic importance of B. pellucidus and O. sulcatus requires further comments. Although the biology of B. pellucidus is poorly known, it has been reported that the adults of this species feed on the foliage of a wide range of hosts (Anderson 2002) , including Vitis. Galford (1987) demonstrated that the damage caused to wild grapes by B. pellucidus is very light compared with damage done on preferred hosts such as oaks and asters. Host plants that are more attractive to B. pellucidus than Vitis include weeds such as dandelion and Canada thistle (Galford 1987) . These weeds are common in Canadian agroecosystems and were also present in the two vineyards. LÕOrpailleur vineyard, which supported a high population of B. pellucidus, is adjacent to an apple orchard on the northern side (Bostanian et al. 2003) . Although B. pellucidus has not been associated with apple trees speciÞcally, the presence of the orchard could explain the high number of this weevil at LÕOrpailleur. Another hypothesis is that the type of soil at LÕOrpailleur (sand and gravel loam) is more favorable for the pupation of B. pellucidus compared with the soil type present at Dietrich-Jooss (clay loam). We believe that the high numbers of this species at LÕOrpailleur are not correlated directly to the presence of the vines and therefore we do not expect that this species will lead to any economic loss in the vineyard.
O. sulcatus, however, has been recorded as a major pest in vineyards from the west coast of North America (Cone et al. 1990 ). In feeding experiments with Concord grapes, Cone (1968) reported that the threshold of economic loss was one to three adult O. sulcatus per plant per season. The most important damage from this species occurs when the adults feed on primary buds and new shoots (Flaherty et al. 1992) . We suggest that O. sulcatus represents the most signiÞcant potential threat to the two vineyards (especially LÕOrpailleur) if the populations are left uncontrolled. The number of specimens collected at LÕOrpailleur vineyard increased from 1997 to 1999, and although these numbers are not alarming at present, a careful monitoring of adult activity may be required.
